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Daily step counts and selected biological and psychological variables in
16-18-year-old girls
Abstract
Background: The aim of this study was to assess the relationship between the number of steps a day and
biological (body fat, lean body mass, BMI and estimated VO2 max) and psychological (self-efficacy,
enjoyment of PA and self-perception of body image) factors in 16-18-year-old girls. Material/Methods:
The study included data from 60 girls, aged 16-18. Voluntary participants were selected from a public
high school in Poland. Number of steps was measured with a pedometer Yamax Digi-Walker, model SW
701, during 7 days. Girls were classified into three groups: low active, slightly active and active
(5,000-7,499; 7,500-9,999; ≥ 10,000 steps/day, respectively). The levels of psychological factors were
determined by means of a questionnaire survey. Estimated VO2 max was assessed by a 1-mile walk test.
The percentage of body fat and lean body mass was evaluated using Bodystat 1,500, bio-impedance
method. Results: Analysis of variance showed no statistically significant differences in the biological and
psychological variables among low active, slightly active and active girls. Conclusions: Girls in the study
performed approximately from 5,000 to 12,500 steps a day. To explain better relationships between daily
step counts and psychological and biological variables future research should additionally involve girls
with less than 5,000 steps a day and more than 12,500 steps a day.
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Abstract
Background: The aim of this study was to assess the relationship between the number of steps a

day and biological (body fat, lean body mass, BMI and estimated VO2 max) and psychological (self-efficacy, enjoyment of PA and self-perception of body image) factors
in 16-18-year-old girls.
Material/Methods: The study included data from 60 girls, aged 16-18. Voluntary participants were selected from a public high school in Poland. Number of steps was measured with a
pedometer Yamax Digi-Walker, model SW 701, during 7 days. Girls were classified
into three groups: low active, slightly active and active (5,000-7,499; 7,500-9,999;
≥ 10,000 steps/day, respectively). The levels of psychological factors were determined by means of a questionnaire survey. Estimated VO2 max was assessed by
a 1-mile walk test. The percentage of body fat and lean body mass was evaluated
using Bodystat 1,500, bio-impedance method.
Results: Analysis of variance showed no statistically significant differences in the biological
and psychological variables among low active, slightly active and active girls.
Conclusions: Girls in the study performed approximately from 5,000 to 12,500 steps a day. To explain better relationships between daily step counts and psychological and biological
variables future research should additionally involve girls with less than 5,000 steps
a day and more than 12,500 steps a day.
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Introduction
Physical inactivity is the basic reason for the health-worsening and even health-damaging
outcomes [1]. Conversely, regular physical activity (PA) is an essential biological stimulus that is
needed to maintain the structures and functions of organs and reduces the risk of a number of
adverse health outcomes, including cardiovascular disease mortality, hypertension, colon cancer
and diabetes [2, 3, 4]. Furthermore, the risk of insufficient PA is greater in girls than in boys,
especially during adolescence [4].
PA is also widely promoted for maintaining proper body weight and reducing levels of obesity,
which occurs as a result of imbalance in the body between energy intake and energy expenditure.
Research carried out in recent years in Poland indicates that about 5 percent of 15 to 19-year-old
girls are overweight or obese [5]. This data largely confirmed the Health Behaviour of School-Aged
Children report, indicating that overweight and obesity affect 7 to 11 percent of girls aged 15-18 [6].
A similar study conducted in the United States estimated that among 12- to 19-year-old girls more
than 15 percent are overweight or obese [7].
Studies indicate a significant relationship between the level of PA and the level of fatness [8]
and that increasing PA expressed as energy expended is positively related to reductions in total
adiposity [9]. PA is determined by many variables. In the Van der Horst et al. [10] review of
correlates of PA in youth, self-efficacy, parental education, attitude, goal-orientation/motivation,
family influences and support from friends were all indicated. Additionally, BMI, depression,
ethnicity, the socioeconomic status and parental education were associated with adolescents’
sedentary behaviour and insufficient PA.
Researchers and practitioners have used pedometers in different settings (e.g. local
communities, schools) to assess and motivate PA behaviours because they are simple and
inexpensive body-worn motion sensors [11]. Based on previous studies and programmes using
pedometers, researchers have proposed the establishment of certain standards for the daily
number of steps. For example, the general assumptions given by Tudor-Locke and Bassett [12]
and Tudor-Locke et al. [13] determine the number of steps below 5,000 as a sedentary lifestyle,
while the number of steps between 5,000 and 7,499 indicates a low activity. Recordings of
between 7,500 and 9,999 steps per day are characterized as slightly active, while people taking
a greater a number of steps (between 10,000 and 12,499) are classified as active. The last level –
highly activity – characterized people taking over 12,500 steps a day. Apart from step counts, there
are other PA recommendations. The proposals of both the World Health Organization [14] and the
EU [15] involve at least 60 minutes of moderate to vigorous-intensity PA per day for children and
adolescents. In the case of walking, only brisk ones fulfil this condition.
One of the most important observations in previous pedometer-based research is that girls take
significantly fewer steps than boys [16, 17]. Pedometers were used to assess the level of PA of
Polish adolescents [18, 19]; however, according to our knowledge, the data describing
relationships between daily step counts and biological and psychological variables in Polish
adolescents are limited. In the current study, three different correlates of PA was taken into
consideration. Self-efficacy is one of the main contributors to behavior change and occurs in
theoretical models in PA. Body image and PA enjoyment are not directly included as an influential
psychosocial construct in theories and models used in behavioral and social science research on
PA [20]. Research indicated positive relationships between body image and PA [21], yet
relationships between PA enjoyment and PA in adolescents are inconclusive [10].
The aim of this study was to assess the relationship between the number of steps a day and
biological (body fat, lean body mass, BMI and estimated VO2 max) and psychological (self-efficacy,
enjoyment of PA and self-perception of body image) factors in 16-18-year-old girls.

Material and methods
Participants
The study included data from 60 girls, aged 16-18 (M = 17.3 ±0.98). Voluntary participants
were selected from a public high school in Poland. The study protocol was approved by the Local
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Bioethics Committee of the Karol Marcinkowski University of Medical Sciences in Poznan (decision
no. 893/12). Written assent from all participants and consent from parents of minors were obtained.
Students taking part in the study wore a pedometer all the time during 7 days, excluding the
time for sleeping, swimming and physical education. The number of steps was measured with a
Yamax Digi-Walker SW 701 pedometer. Girls were classified into three groups according to the
mean value of steps taken during the day: 1) 5,000-7,499 steps/day was the low active group
(n = 22); 2) 7,500-9,999 steps/day was the slightly active group (n = 19); and 3) ≥ 10,000 steps/day
indicates the point that should be used to classify individuals as active (n = 19). Classification was
based on the proposals by Tudor-Locke and Bassett' [12] and Tudor-Locke et al. [13]. Because of
a lack of data there was no group of girls with basal activity (< 2,500 steps/day), limited activity
(2,500-4,999 steps/day) and high activity (≥ 12,500 steps/day).
Biological variables measurement
Estimated VO2 max
To estimate VO2 max a 1-mile walking test (Rockport Fitness Walking Test) was carried out.
The test was held in a sports hall. After the test, the participants measured their own heart rates
through the palpation method. The data was used to estimate VO2 max by the following formula
[22, 23]:
VO2 max = 132.853 - (0.0769 × body mass in pounds) - (0.3877 × age in years) + (6.315 × sex –
for girls “0”) - (3.2649 × walk time in minutes) - (0.1565 × heart rate).
Body compositions
Using Bodystat 1500, bio-impedance method, the percentage of body fat (BF) and lean body
mass (LBM) were measured. In addition, the results of the measurements of body mass and height
were used to calculate BMI. Weight was measured with a set of Seca 761 scales in light clothing
(without shoes) to the nearest 0.5kg. While the height was measured with a tape to the nearest
0.5 cm.
Psychological variables measurement
Self-efficacy
Self-efficacy was assessed using the Self-Efficacy Questionnaire [24]. The questionnaire
consisted of eight items, e.g. I can be physically active during my free time on most days. A 3-point
Likert scale was used with response options: I agree, I neither agree nor disagree and I disagree. It
was possible to obtain 24 points in total on this scale. Evidence for the factorial validity and the
invariance of the questionnaire was provided [24]. The internal consistency of the scale was
established with the Cronbach’s Alpha test, and it was α = 0.71.
Enjoyment of physical activity
A Physical Activity Enjoyment Scale was used to assess enjoyment of PA [25]. It consisted of
16 items, e.g. When I am active: I feel bored, I enjoy it. A 5-point Likert scale was used with the
potential response from I disagree a lot to I agree a lot. It was possible to obtain a maximum of 80
points on this scale. The factorial validity and the construct validity indicate that the Physical
Activity Enjoyment Scale is a valid measure of physical activity enjoyment among adolescent girls
[25]. The internal consistency of the scale was established with the Cronbach’s Alpha test, and it
was α = 0.90.
Self-perception of body image
The self-perception of body image was assessed using the Body Image Subscale (BIS)
included in the Body Investment Scale developed by Orbach and Mikulincer [26]. The BIS
comprises six statements each scored in a 5-item scale ranging from absolutely disagree to
absolutely agree (corresponding to between 0 and 4 points). Consequently, the maximum global
BIS score is 24 points. Evidence for the validity of the scale was provided [26]. In the research
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conducted in Poland, this scale featured a high reliability with Cronbach’s alpha reliability
coefficient at 0.85, and one factor accounting for 58% of total variance [31].
Statistical analysis
Mean (M) and standard deviation (SD) were calculated for each variable. Differences between
the groups were tested with One-way ANOVA. To conduct detailed multiple comparisons the
Tuckey’s HSD post-hoc test was employed. The level of significance was set at p < .05. Statistical
calculations were performed by using the Statistica 10 software package.

Results
The mean value of steps taken by the girls qualified for three groups was: low active
(M = 5,792.7 steps/day), slightly active (M = 8,663.3 steps/day) and active (M = 12,413.7
steps/day) (Fig. 1). Analysis of variance indicated differences among the groups F (2,57) = 93.8,
p < .000. Post-hoc analysis showed differences among all groups, p < .000.

Fig. 1. Daily step counts in low active, slightly active and active girls

Table 1 shows the mean values of biological and psychological variables obtained from the
girls with different levels of PA. Analysis of variance showed no statistically significant differences
in the studied variables. However, in terms of biological variables, active girls achieved the highest
average level for the estimated VO2 max and LBM and the lowest mean values of BF and BMI.
Analysis of variance indicated that in terms of the psychological variables, there were no
differences between the groups of low active, slightly active and active girls. The highest average
value of self-efficacy was achieved by the group of active girls, while the highest levels of
enjoyment of PA and self-perception of body image were recorded for the group of slightly active
girls.
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Tab. 1. Mean scores, standard deviations values and differences among low active, slightly active and active
girls in biological and psychological variables
Variable

Low active girls
n = 22
M ±SD

Slightly active girls
n = 19
M ±SD

Active girls
n = 19
M ±SD

F

p

.21

Biological
Estimated VO2 max
(ml/kg/min)
BF (%)

47.3±4.8

47.4±5.2

49.5±2.8

1.60

27.7±6.5

28.3±7.5

25.5±4.6

1.05

.36

LBM (%)

72.3±6.5

71.7±7.5

74.5±4.5

1.05

.36

BMI (kg/m2)

22.3±4.9

22.8±6.7

21.3±2.9

.46

.63

Enjoyment of PA (pts)

54.8±20.9

63.1±10.4

56.2±21.7

1.12

.33

Self-efficacy (pts)

19.5±5.0

18.7±2.9

20.3±2.3

.93

.40

Self-perception of body image (pts)

20.1±7.1

21.4±5.4

19.8±5.9

.37

.69

Psychological

Discussion
With increasing urbanization and modernization there has been an increase in the prevalence
of obesity which can be attributed to reduced levels of PA [27]. An insufficient level of PA has been
observed more often in girls [17]. Therefore, the aim of our study was to assess the relationship
between the number of steps per day and selected biological and psychological factors in 16-18year-old girls. From among different recommendations concerning daily step numbers, the proposals of Tudor-Locke and Bassett [12] and Tudor-Locke et al. [13] were chosen.
The results obtained in the study indicate a lack of significant differences in biological variables
among low active, slightly active and active girls. However, it is worth noting that the active girls
had the highest average VO2 max and LBM, and the lowest level of BF and BMI. An inverse relationship between daily steps counts and BMI was observed in a study by Cuddihy et al. [28]. In
turn, Taverno et al. [29], in research on 15-year-old girls, found that highly active adolescent girls
had lower BMI and BF and were less sedentary when compared with those who were less active.
However, in that research accelerometers were used for PA assessment. Other research conducted by Lubans et al. [30] refers to the estimated VO2 max. This study examined the relationship
between pedometer step counts and estimated VO2 max as determined by a submaximal exercise
test. The results of that study suggest that estimated VO2 max is moderately associated with mean
steps per day in adolescents.
The results obtained in the present study also indicate a lack of significant differences in psychological variables between girls from low active, slightly active and active groups. These results
are inconsistent with the results obtained in other studies. However, the reported associations between psychological variables and the level of PA usually concerned PA measured through questionnaires or accelerometers, not pedometers which allow assessing only step counts. Research
on self-efficacy, body image and self-esteem in 15-year-olds Polish adolescents in the context of
PA was carried out by Kołoło et al. [31]. The study showed that psychological variables (selfefficacy, body image, physical self-esteem) are the determinants of PA. Research by Taverno et al.
[29] indicated that highly active girls scored higher on self-efficacy, enjoyment of PA, selfmanagement strategies, outcome expectancy value, and support from family and friends than lowactive girls. A positive relationship between body satisfaction and PA amongst adolescents was
observed by Finne et al. [32] and Frost, & McKelvie [33]. However, Neumark-Sztainer et al. [34]
found no relationship between body satisfaction and the PA level in girls.
According to daily step counts, three groups of girls were distinguished. As noted above, because of the lack of data, no groups with basal activity (< 2,500 steps/day), limited activity
(2,500-4,999 steps/day) and high activity (≥ 12,500 steps/day) were analyzed. The relatively small
range of the number of steps could be the reason for the lack of differences in the analyzed vari21
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ables, both psychological and biological. It can be assumed that the number of steps performed
even by girls from the active group (M = 12,413.7) was too low to show beneficial relationships with
psychological and biological variables. Some existing recommendations on the number of steps in
children and adolescents are even 15,000-16,000 steps per day [35]. Perhaps such high values of
daily step counts are related to better biological and psychological variables.
This study has several strengths and limitations. Pedometers have been found to be a reliable
instrument for measuring walking-type movements, which might be considered a strength. One of
the limitations of the study could the relatively small sample size. Girls participating in the study
were volunteers which could have a bias effect on the final results. Additionally the psychological
variables were calculated using the self-assessment method, that relies on the subjective interpretation of the questions being asked.

Conclusions
No differences in psychological and biological variables have been found among girls characterized as low active, slightly active and active. It should be noted that girls in the study performed
approximately between 5,000 to 12,500 steps a day. To explain the relationship between daily step
counts and psychological and biological variables better, future research should additionally account for girls with less than 5,000 steps per day and more than 12,500 steps per day.
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